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(57) ABSTRACT 

A method for entity name and jargon term recognition and 
extraction. An embodiment of the present invention uses a 
suf?x tree data structure to determine frequently occurring 
phrases. In one embodiment text to be analyzed is prepro 
cessed. The text is then separated into clauses and a suf?x 
tree is created for the text. The suffix tree is used to 
determine repetitious segments. Unrecognized text frag 
ment, occurring With a high frequency, have a comparably 
high probability of being a name entity or jargon term. The 
set of repetitious segments is then ?ltered to obtain a set of 
possible entity names and jargon terms. 
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METHOD FOR EXTRACTING NAME ENTITIES 
AND JARGON TERMS USING A SUFFIX TREE 

DATA STRUCTURE 

FIELD OF THE INVENTION 

[0001] This invention relates generally to natural language 
processing, and more speci?cally, to an improved technique 
for the extraction of name entities and jargon terms. 

BACKGROUND OF THE INVENTION 

[0002] Natural language processing encompasses com 
puter understanding, analysis, manipulation, and generation 
of natural language. From simplistic natural language pro 
cessing applications, such as string manipulation (e. g., stem 
ming) to higher-level tasks such as machine translation and 
question ansWering, the ability to identify and extract entity 
names and jargon terms in a text corpus is very important. 
Being able to identify proper names in the text is important 
to understanding and using the text. For example, in a 
Chinese-English machine translation system, if a person 
name is identi?ed, it can be converted to pinyin (system for 
transliterating Chinese characters into the Latin alphabet) 
rather than being directly translated. 

[0003] Entity names include the names of people, places, 
organiZations, dates, times, monetary amounts and percent 
ages, for example. Name entity and jargon term extraction 
involves identifying named entities in the context of a text 
corpus. For example, a name entity extraction must differ 
entiate betWeen “White house” as an adjective-noun combi 
nation, and “White House” as a named organization or a 
named location. In English the use of uppercase and loW 
ercase letters may be indicative, but cannot be relied on to 
substantially determine name entities and jargon terms. 
Moreover, case does not aid name entity and jargon term 
recognition and extraction in languages in Which case does 
not indicate proper nouns (e.g., Chinese) or in non-text 
modalities (e.g., speech). 
[0004] There are three general methods that are typically 
employed for name entity and jargon term recognition and 
extraction. The ?rst is to construct rules and keyWord sets 
manually. This involves the use of hand-crafted modules 
encoding linguistic knoWledge speci?c to the language and 
document genre. This method is easily implemented, but 
time consuming and prone to errors, moreover this model is 
not easily portable to neW languages. A second technique 
involves the use of a statistical model (e.g., Hidden Markov 
Model) that requires a great deal of annotated training data. 
A third method is memory-based learning Which treats the 
problem of entity extraction as a series of classi?cation 
processes. Each of these methods is language dependent and 
relies on past experience. These are serious draWbacks in 
dealing With unrecogniZed entity names and jargon terms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The present invention is illustrated by Way of 
example, and not limitation, by the ?gures of the accompa 
nying draWings in Which like references indicate similar 
elements and in Which: 

[0006] FIG. 1 is a process How digram in accordance With 
one embodiment of the present invention; 

[0007] FIGS. 2-4 illustrate examples the incremental addi 
tion of clauses to the suffix tree in accordance With one 
embodiment of the present invention; 
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[0008] FIG. 5 illustrates examples of ?ltering high fre 
quency phrases to obtain more probable entity name and 
jargon term candidates in accordance With one embodiment 
of the present invention; and 

[0009] FIG. 6 is a diagram illustrating an exemplary 
computing system 600 for implementing the name entity and 
jargon term recognition and extraction process of the present 
invention. 

DETAILED DESCRIPTION 

[0010] An embodiment of the present invention includes 
the creation of a suf?x tree data structure as part of a process 
to perform entity name and jargon term extraction on a text 
corpus. In one embodiment the text to be analyZed is 
preprocessed. The form and extent of preprocessing is 
typically language dependent, for example, Chinese may 
require spaces added betWeen Words. The text is then 
separated into clauses and a suf?x tree is created for the text. 
The suf?x tree is used to determine repetitious segments. 
The set of repetitious segments is then ?ltered to obtain a set 
of possible entity names and jargon terms. The set of 
possible entity names and jargon terms is then analyZed and 
?ltered using knoWn natural language processing techniques 
for entity name and jargon term recognition and extraction. 

[0011] An embodiment of the present invention is based 
on the fact that an unrecogniZed text fragment, occurring 
With a high frequency, has a comparably high probability of 
being a name entity or jargon term. The use of a suf?x tree 
structure to ef?ciently and accurately determine the text 
fragment frequencies may greatly improve name entity and 
jargon term recognition and extraction. For example, the 
phrase “Jack and Jill” may be a name entity referring to a 
poem or book title, or may be a jargon term referring to a 
couple. A typical name entity extraction technique may 
inaccurately identify “Jack” and “Jill” as separate name 
entities, and may discard “and” because it is a common, and 
frequently occurring Word. HoWever, using an embodiment 
of the present invention, it may be determined that “Jack” is 
connected to “Jill” With “and” exclusively, or With high 
frequency, throughout the document. Such analysis Would 
indicate that “Jack and Jill” may be a name entity. 

[0012] A suffix tree is a type of data structure used to 
simplify and accelerate textstring searches in extensive text 
corpuses. Suf?x tree algorithms have evolved and become 
more efficient over the past tWenty-?ve years. Suffix trees 
alloW a one-time commitment of processing resources to 
construct a suf?x tree. A fast and ef?cient search may then 
be made of any patterns/substrings Within the suf?x tree. 
Thus, Whether a given text-string exists in the text, and, if so, 
hoW often it appears can be readily determined. Suf?x trees 
may be applied to a Wide variety text-string problems 
occurring in text editing, free-text search, and other search 
pattern applications involving a large amount of text. Today, 
suf?x trees are primarily used for searching text. An embodi 
ment of the present invention employs the suf?x tree concept 
as part of a name entity and jargon term recognition and 
extraction process. A brief explanation of hoW a suf?x tree 
is created and used in accordance With one embodiment of 
the present invention is included beloW in reference to FIGS. 
2-4. 

[0013] FIG. 1 is a process How diagram in accordance 
With one embodiment of the present invention. The process 
100, shoWn in FIG. 1, begins at operation 105 in Which the 
text corpus is preprocessed. This form and extent of pre 
processing is language dependent. The intended result of the 
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preprocessing is to have the text corpus separated into 
clauses. Some languages, such as Chinese, in Which there 
are no spaces betWeen Words, may require that the text be 
separated into Words and spaces inserted betWeen the Words. 
Separating the text into clauses, facilitates the construction 
of a suf?x tree. At operation 110, a suf?x tree is created by 
adding all clauses to the suf?x tree incrementally. 

[0014] Many algorithms to create a suf?x tree are knoWn 
in the art. FIGS. 2-4 illustrate examples of hoW clauses may 
be added, incrementally, to the suf?x tree in accordance With 
one embodiment of the present invention. The process 
involves tWo parameters, a startnode, an existing portion of 
the suf?x tree and a string suf?x, to be added to the suf?x 
tree. For example, FIG. 2 illustrates the addition of a string 
suffix having no overlap With the existing suffix tree struc 
ture. Structure 205 comprises fork node 1 and leaf node 2 
representing string edge “a” that may represent a Word or 
phrase. Structure 210 shoWs the addition of string suf?x “b” 
having no common elements. As shoWn in structure 210, a 
neW leaf node, node 3, has been created to represent the 
string suffix “b” added to the suffix tree. What is represented 
by the suf?x tree, then, are those string edges obtained by 
traversing from a fork node, or series of fork node, to a leaf 
node. 

[0015] FIG. 3 illustrates the addition of a string suf?x, 
“ab”, to string edge “a”. The string edge and the string suf?x 
share the common element “a”. In structure 305, fork node 
1 and leaf node 2, represent the string edge “a”. In structure 
310, nodes 1 and 2 are fork nodes and leaf node 3 has been 
created. 

[0016] FIG. 4, illustrates a more complex addition to the 
suffix tree. In FIG. 4, structure 405 comprises fork node 1 
and leaf node 2 in Which string edge “abc” is represented. By 
Way of example, each element (“a”, “b”, “c”,) of string edge 
“abc” may represent a Word in a phrase, for example, 
“George Bush said” Where “a” represents “George”, “b” 
represents “Bush”, and “c” represents “said”. Structure 410 
shoWs the incremental addition of a clause to the suf?x tree. 
The clause added to the suf?x tree is string suf?x “ac”, in this 
case representing the phrase “George said”. In structure 410, 
the string edge “abc” has been split at the point of overlap 
(i.e., after element “a”). A neW fork node, node 3, has been 
created as Well as a neW leaf node, node 4. Traversal from 
fork node 1, through fork node 3, to leaf node 4, represents 
the string suf?x to be added, “ac”. The original string edge, 
“abc” is represented by traversing from fork node 1, through 
fork node 3, to leaf node 2. 

[0017] An exemplary algorithm for constructing a suf?x 
tree in accordance With the present invention is included as 
Appendix A. This algorithm may be replaced With faster or 
more ef?cient suf?x tree algorithms knoWn in the art. 
Because suffix trees are general data structures that are 
independent of language, the method of one embodiment of 
the present invention is language independent. This is an 
important advantage in improving the performance for entity 
name extraction algorithms for languages such as Chinese 
that are less structured, and therefore more dif?cult to 
process, than, for example, English. 

[0018] Referring again to FIG. 1, at operation 115 the 
repetitious phrases are determined from the suf?x tree. The 
frequency of each phrase is stored in each corresponding 
fork node as the suf?x tree is created. Those phrases that are 
unrecogniZed (as compared, for example, to a dictionary) 
and have high frequency occurrence are collected. The 
high-frequency phrases are then sorted in inverse lexico 
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graphical order. An embodiment of the invention is based on 
the fact that unrecogniZed text strings that occur at an 
unusually high frequency have a correspondingly high prob 
ability of being entity names or jargon terms. Of course not 
all high frequency phrases are entity names or jargon terms. 
Therefore the set of high frequency phrases is ?ltered to 
produce a smaller and more concise set (a set of high 
frequency phrases With a greater likelihood of being entity 
names or jargon terms) at operation 120. 

[0019] By analyZing relative frequencies it is possible to 
determine that high-frequency fragments are probably not 
entity names or jargon terms. FIG. 5 illustrates three 
examples of ?ltering high frequency phrases to obtain more 
likely entity name and jargon term candidates in accordance 
With one embodiment of the present invention. As shoWn in 
Example 1 of FIG. 5, a phrase “AB”, comprised of com 
ponent phrases “A” and “B” appears With a comparable 
frequency to its component phrases. The component phrases 
(e.g., “A” and “B”) may be con?dently discarded as possible 
entity name or jargon term candidates and only the com 
bined phrase “AB” retained. For example, the phrase “AB” 
corresponds to “Bill Clinton”, With “A” corresponding to 
“Bill” and “B” corresponding to “Clinton”. The relatively 
similar frequencies of “A”, “B”, and “AB” indicate that 
“Bill” and “Clinton” appeared, for the most part, as com 
ponents of the name entity “Bill Clinton” and not as separate 
name entities. Therefore, “AB” (“Bill Clinton”) may be 
retained as the name entity With “A” and “B” being dis 
carded as separate name entities. 

[0020] In Example 2, “B”, a component of “AB” appears 
With a frequency much higher than “A” or “AB”, although 
“A” and “AB” appear frequently. This indicates that “A” and 
“B” may be name entities or jargon terms, but that “AB” 
may be safely discarded. For example, “AB” may represent 
a phrase such as “George Bush said” With “A” representing 
“George Bush” and “B” representing “said”. This indicates 
that “AB” (“George Bush said”) is probably not a name 
entity, but that separately “A” (“George Bush”) and “B” 
(“said”) may be. Of course, “said” is not actually a name 
entity and Will be eliminated as a candidate through com 
parison to a dictionary as Will all common Words. In 
Example 3, similar to Example 1, similar frequencies 
betWeen “AB” and “B” indicate that “B” is a substring of 
“AB” and may be discarded as a name entity or jargon term 
candidate. Thus it is possible, using relative frequencies, to 
substantially, and With a high degree of con?dence, reduce 
the number of high frequency phrases that are likely name 
entity or jargon term candidates. 

[0021] Referring again to FIG. 1, at operation 125 com 
monly employed natural language processing techniques are 
employed to the list of candidate entity names and jargon 
terms. These techniques may be morphological, for 
example, using the fact that Chinese surname must be less 
than three characters. Syntactic or semantic techniques may 
be employed as Well such as removing candidates that begin 
With a preposition. Most of these rules are language depen 
dent and therefore the particular rules used for a given text 
or speech Would, typically, vary With language. 

[0022] FIG. 6 is a diagram illustrating an exemplary 
computing system 600 for implementing the name entity and 
jargon term recognition and extraction process of the present 
invention. The text processing, creation of a suffix tree, and 
candidate set ?ltering described herein can be implemented 
and utiliZed Within computing system 600, Which can rep 
resent a general-purpose computer, portable computer, or 
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other like device. The components of computing system 600 
are exemplary in Which one or more components can be 
omitted or added. For example, one or more memory 
devices can be utiliZed for computing system 600. 

[0023] Referring to FIG. 6, computing system 600 
includes a central processing unit 602 and a signal processor 
603 coupled to a display circuit 605, main memory 604, 
static memory 606, and mass storage device 607 via bus 601. 
Computing system 600 can also be coupled to a display 621, 
keypad input 622, cursor control 623, hard copy device 624, 
input/output (I/O) devices 625, and audio/speech device 626 
via bus 601. 

[0024] Bus 601 is a standard system bus for communicat 
ing information and signals. CPU 602 and signal processor 
603 are processing units for computing system 600. CPU 
602 or signal processor 603 or both can be used to process 
information and/or signals for computing system 600. CPU 
602 includes a control unit 631, an arithmetic logic unit 
(ALU) 632, and several registers 633, Which are used to 
process information and signals. Signal processor 603 can 
also include similar components as CPU 602. 

[0025] Main memory 604 can be, e.g., a random access 
memory (RAM) or some other dynamic storage device, for 
storing information or instructions (program code), Which 
are used by CPU 602 or signal processor 603. Main memory 
604 may store temporary variables or other intermediate 
information during execution of instructions by CPU 602 or 
signal processor 603. Static memory 606, can be, e.g., a read 
only memory (ROM) and/or other static storage devices, for 
storing information or instructions, Which can also be used 
by CPU 602 or signal processor 603. Mass storage device 
607 can be, e.g., a hard or ?oppy disk drive or optical disk 
drive, for storing information or instructions for computing 
system 600. 

[0026] Display 621 can be, e.g., a cathode ray tube (CRT) 
or liquid crystal display (LCD). Display device 621 displays 
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information or graphics to a user. Computing system 600 can 
interface With display 621 via display circuit 605. Keypad 
input 622 is a alphanumeric input device With an analog to 
digital converter. Cursor control 623 can be, e.g., a mouse, 
a trackball, or cursor direction keys, for controlling move 
ment of an object on display 621. Hard copy device 624 can 
be, e.g., a laser printer, for printing information on paper, 
?lm, or some other like medium. A number of input/output 
devices 625 can be coupled to computing system 600. The 
application of a suffix tree technique to name entity and 
jargon term recognition, in accordance With the present 
invention, may be implemented by hardWare and/or soft 
Ware contained Within computing system 600. For example, 
CPU 602 or signal processor 603 can execute code or 

instructions stored in a machine-readable medium, e.g., 
main memory 604. 

[0027] The machine-readable medium may include a 
mechanism that provides (i.e., stores and/or transmits) infor 
mation in a form readable by a machine such as computer or 
digital processing device. For example, a machine-readable 
medium may include a read only memory (ROM), random 
access memory (RAM), magnetic disk storage media, opti 
cal storage media, ?ash memory devices. The code or 
instructions may be represented by carrier-Wave signals, 
infrared signals, digital signals, and by other like signals. 

[0028] In the foregoing speci?cation, the invention has 
been described With reference to speci?c exemplary embodi 
ments thereof. It Will, however, be evident that various 
modi?cations and changes may be made thereto Without 
departing from the broader spirit and scope of the invention 
as set forth in the appended claims. The speci?cation and 
draWings are, accordingly, to be regarded in an illustrative 
sense rather than a restrictive sense. 
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mm 

FOR all clauses in the document 

FOR all clauses in the document 

FOR all suffixes in the clause 

Add_a_Suffix (headnode, Suffix); 

Add_a_Suffix (NODE *startNode, char * strSuffix) 

{ 
Find out whether there ixists an edge strEdge that has same prefix with input string 

strSuffix; 
IF exists the edge 

{ 
Let strOverlap = strEdge m strSuffix, 

(Here the strOverlap is the prefix shared between strEdge and strSuffix, 

e.g. if strEdge is ‘abc’, strSuffix is ‘ab’, then the strOverlap is ‘ab’.) 

strEdgeLeft : strSuf?x - strOverlap; 

(here strEdgeLeft is the part of strEdge that is left when removing 

strOverlap from it, e.g. in last example, it is ‘c’.) 

strSentLeft = strSuffix — strOverlap; 

(here strSentLeft is the part of strSuffix that is left when removing 

strOverlap from it, e.g. in last example, it is NULL.) 

IF strEdgeLeft = = NULL 

Add_a_Suffix (edge->end, strSentLeft); 

ELSE 

Create a new fork node, and split the edge; 

} 
Create a new leaf node; 
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What is claimed is: 
1. A method comprising: 

creating a suf?x tree to determine the frequency of phrases 
Within a text corpus; 

specifying a set of frequently occurring phrases; and 

?ltering the set of frequently occurring phrases to deter 
mine a set of entity name and jargon term candidates. 

2. The method of claim 1 further comprising: 

sorting each phrase of the set of frequently occurring 
phrases in inverse lexicographical order prior to ?lter 
ing the set of frequently occurring phrases. 

3. The method of claim 1 Wherein the text corpus is 
preprocessed. 

4. The method of claim 3 Wherein the text corpus is text 
of a human language. 

5. The method of claim 4 Wherein the human language is 
Chinese. 

6. The method of claim 4 Wherein ?ltering the set of 
frequently occurring phrases includes comparing a compo 
nent Word of a phrase to a dictionary of common Words and 
excluding the phrase from the set of entity name and jargon 
term candidates if the component Word is a common Word. 

7. The method of claim 4 further comprising: 

reducing the set of entity name and jargon term candidates 
by applying natural language processing rules. 

8. The method of claim 4 Wherein the natural language 
processing rules are rules selected from the list consisting of 
morphological rules, semantic rules, and syntactic rules. 

9. A machine-readable medium containing instructions 
Which, When executed by a processor, cause the processor to 
perform a method, the method comprising: 

creating a suf?x tree to determine the frequency of phrases 
Within a text corpus; 

specifying a set of frequently occurring phrases; and 

?ltering the set of frequently occurring phrases to deter 
mine a set of entity name and jargon term candidates. 

10. The machine-readable medium of claim 9 Wherein the 
method further comprises: sorting each phrase of the set of 
frequently occurring phrases in inverse lexicographical 
order prior to ?ltering the set of frequently occurring 
phrases. 

11. The machine-readable medium of claim 9 Wherein the 
text corpus is preprocessed. 

12. The machine-readable medium of claim 11 Wherein 
the text corpus is text of a human language. 

13. The machine-readable medium of claim 12 Wherein 
the human language is Chinese. 
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14. The machine-readable medium of claim 12 Wherein 
?ltering the set of frequently occurring phrases includes 
comparing a component Word of a phrase to a dictionary of 
common Words and excluding the phrase from the set of 
entity name and jargon term candidates if the component 
Word is a common Word. 

15. The machine-readable medium of claim 12 Wherein 
the method further comprises: 

reducing the set of entity name and jargon term candidates 
by applying natural language processing rules. 

16. The machine-readable medium of claim 12 Wherein 
the natural language processing rules are rules selected from 
the list consisting of morphological rules, semantic rules, 
and syntactic rules. 

17. A system comprising: 
a memory having stored therein executable instructions 
Which When executed by a processor, cause the pro 
cessor to perform operations comprising: 

creating a suf?x tree data structure, the suf?x tree data 
structure storing phrase frequency data for a text 
corpus; 

using the phrase frequency data to specify a set of 
frequently occurring phrases; and 

?ltering the set of frequently occurring phrases to 
determine a set of entity name and jargon term 
candidates; and 

a processor to execute the instructions. 
18. The system of claim 17 Wherein the operations further 

comprise: 
sorting each phrase of the set of frequently occurring 

phrases in inverse lexicographical order prior to ?lter 
ing the set of frequently occurring phrases. 

19. The system of claim 17 Wherein the text corpus is 
preprocessed. 

20. The system of claim 19 Wherein the text corpus is text 
of a human language. 

21. The system of claim 20 Wherein the human language 
is Chinese. 

22. The system of claim 20 Wherein ?ltering the set of 
frequently occurring phrases includes comparing a compo 
nent Word of a phrase to a dictionary of common Words and 
excluding the phrase from the set of entity name and jargon 
term candidates if the component Word is a common Word. 

23. The system of claim 20 further comprising: 

reducing the set of entity name and jargon term candidates 
by applying natural language processing rules. 

24. The system of claim 20 Wherein the natural language 
processing rules are rules selected from the list consisting of 
morphological rules, semantic rules, and syntactic rules. 

* * * * * 


